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(57) ABSTRACT

A package includes a package component and a second pack-
age component. A first elongated bond pad 1s at a surface of
the first package component, wherein the first elongated bond
pad has a first length 1n a first longitudinal direction, and a first
width smaller than the first length. A second elongated bond
pad 1s at a surface of the second package component. The
second elongated bond pad 1s bonded to the first elongated
bond pad. The second elongated bond pad has a second length
in a second longitudinal direction, and a second width smaller
than the second width. The second longitudinal direction 1s
un-parallel to the first longitudinal direction.
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BONDING STRUCTURES AND METHODS OF
FORMING THE SAME

PRIORITY CLAIM AND CROSS-REFERENCE

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 13/789,942, entitled “Bonding Structures and
Methods of Forming the Same,” filed on Mar. 8, 2013, which

application 1s incorporated herein by reference.

BACKGROUND

Metal-to-metal bonding (also sometimes referred to as
direct bonding) 1s a commonly used bonding method in the
packaging of integrated circuits. In the direct bonding, the
bond pads of two watlers or chips are bonded together without
solder disposed 1n between. For example, the direct bonding
may be a copper-to-copper bonding or a gold-to-gold bond-
ing. The methods for performing the direct bonding 1include
Thermal Compression Bonding (TCB, sometimes known as
thermal compressive bonding). In a typical direct bonding,
process, the metal bumps of a device die are aligned to, and
are placed against, the metal bumps of a package substrate. A
pressure 1s applied to press the device die and the package
substrate against each other. During the bonding process, the
device die and the package substrate are also heated. With the
pressure and the elevated temperature, the surface portions of
the metal bumps of the device die and the package substrate
inter-dittuse, so that bonds are formed.

The direct bonding typically requires large metal pads. The
large metal pads, however, may incur severe dishing problem
in the planarization of the metal pads. Furthermore, Misalign-
ment between the two bonded package components may
occur, and hence the contact area of the bonds may vary
depending on the severity of the misalignment. The variation
of the contact area results in the variation of the contact
resistance, which in turn results 1n the variation in the perfor-
mance of the resulting package. When the metal-to-metal
bonding 1s used to bond integrated circuits that have high
bond densities, due to the small sizes and the small pitches of
the bond pads, the variation 1n the contact resistance 1s wors-
ened.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the embodiments,
and the advantages thereol, reference 1s now made to the
tollowing descriptions taken 1n conjunction with the accom-
panying drawings, in which:

FIG. 1 schematically illustrates the bonding of two pack-
age components 1n accordance with exemplary embodiments,
wherein the bonding i1s performed through metal-to-metal
bonding;

FIG. 2 illustrates a top view of the bond pads at a surface of
a first package component in accordance with exemplary
embodiments, wherein bond pads are laid out with a stag-
gered layout, and are located on one side of an array;

FIG. 3 illustrates a top view of the bond pads at a surface of
a second package component, wherein the bond pads of the
second package component are to be bonded to the bond pads
of the first package component shown 1n FIG. 2;

FI1G. 4 1llustrates a top view of the bond pads at a surface of
a first package component in accordance with alternative
exemplary embodiments, wherein the bond pads are located
on opposite sides of an array;

FI1G. S1llustrates a top view of the bond pads at a surface of
a second package component, wherein the bond pads of the
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second package component are to be bonded to the bond pads
of the first package component in FIG. 4;

FIG. 6 illustrates a top view of the bond pads at a surface of
a first package component 1n accordance with yet alternative
exemplary embodiments, wherein the bond pads are stag-
gered, and are located on opposite sides of an array;

FIG. 7 illustrates a top view of the bond pads at a surface of
a second package component, wherein the bond pads of the
second package component are to be bonded to the bond pads
of the first package component in FIG. 6;

FIG. 8 1llustrates a top view of bond pads 1 accordance
with some exemplary embodiments, wherein elongated
bonds pads of a same watler or chip have longitudinal direc-
tions un-parallel to each other;

FIG. 9 1llustrates a top view of bond pads 1n accordance
with some exemplary embodiments, wherein bonds pads in
same bonded pairs have longitudinal directions neither per-
pendicular to each other nor parallel to each other; and

FIG. 10 1llustrates a cross-sectional view of two bond pads
that are bonded to each other.

DETAILED DESCRIPTION OF ILLUSTRATIV.
EMBODIMENTS

(1]

The making and using of the embodiments of the disclo-
sure are discussed 1n detail below. It should be appreciated,
however, that the embodiments provide many applicable con-
cepts that can be embodied 1n a wide variety of specific
contexts. The specific embodiments discussed are illustrative,
and do not limit the scope of the disclosure.

A bond structure 1s provided 1n accordance with various
exemplary embodiments. The vanations of the embodiments
are discussed. Throughout the various views and 1illustrative
embodiments, like reference numbers are used to designate
like elements.

Referring to FI1G. 1, package component 200 1s bonded to
package component 100 through metal-to-metal bonding, for
example, which 1s also referred to as direct bonding. In alter-
native embodiments, other bonding mechanisms such as sol-
der bonding can be used. In the bonding process, elongated
bond pads 108 (FIGS. 2 through 10) on the surface of package
component 100 are 1n physical contact with, and are bonded
to, the elongated bond pads 208 (FIGS. 2 through 10) of
package component 200 directly, wherein no solder1s applied
between elongated bond pads 108 and their corresponding
clongated bond pads 208. During the bonding process, pack-
age components 100 and 200 may be heated, and a pressure
may be applied to press package components 100 and 200
against each other. With the pressure and the elevated tem-
perature, the surface portions of bond pads 108 and 208
inter-diffuse, so that bonds are formed.

In accordance with some embodiments, each of package
components 100 and 200 may be a device water, an interposer
waler, a package substrate strip, or the like. In the embodi-
ments wherein package components 100 and 200 are device
walers, package components 100 and 200 may be logic cir-
cuit waters, memory waters, Complementary Metal-Oxide-
Semiconductor (CMOS) Image Sensor (CIS) walers, or the
like. For example, 1n the embodiments wherein package com-
ponents 100 and 200 are memory walers, package compo-
nents 100 and 200, after bonded, form stacked memories. In
the embodiments wherein package components 100 and 200
are CIS walers, package components 100 and 200, after
bonded, form 3D-CIS packages. In the embodiments wherein
package components 100 and 200 are interposer walers,
package components 100 and 200 are free from active devices
such as transistors therein, and are used to route electrical
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connections from one side of the interposer waler to the
opposite side. In the embodiments wherein package compo-
nents 100 and 200 are package substrate strips, package com-
ponents 100 and 200 may include a plurality of package
substrates, and may include build-up substrates (with cores)
or laminate substrates. Although FIG. 1 1llustrates that pack-
age components 100 and 200 have round top-view shapes,
they may also have rectangular top-view shapes. Further-
more, 1n some embodiments, each of package components
100 and 200 may include a plurality of chips therein. Alter-
natively, each of package components 100 and 200 may be a
discrete device die, a discrete package substrate, a discrete
interposer die, or the like, which have already been sawed
from the respective waler or strip at the time 1t 1s bonded.

FIG. 2 1llustrates a top view of package component 100,
and the components in package component 100. In the
embodiments package component 1s a waler, package com-
ponent 100 may include a plurality of dies (with one die 102
illustrated) 1dentical to each other. In the present disclosure,
image sensor arrays 104 and the corresponding connection
lines 106 and elongated bond pads 108 are used as examples
to explain the concept of the embodiments. It 1s appreciated
that the teaching of the embodiments also applies to all other
types of circuits such as memory arrays, logic circuits, and the
like.

In some exemplary embodiments, package component 100
includes image sensor array 104, which includes a plurality of
image sensors (cells) 105 arranged as a plurality of rows and
columns. In some embodiments, image sensors 105 in each of
the columns are connected to one of connection lines 106
(including 106A and 106B). Each of connection lines 106
may be connected to one of elongated bond pads 108, which
include 108A and 108B. Connection lines 106 may be 1n a
same metal layer as, and formed simultaneously as, bond
pads 108. Alternatively, connection lines 106 may be 1n a
different metal layer than bond pads 108. Elongated bond
pads 108 are located at a surface of package component 100.
The pitch of the columns 1s denoted as P.

Elongated bond pads 108 have length .1 and width W1
smaller than length L1. In some embodiments, elongated
bond pads 108 have a top-view shape of rectangles, which
may have substantially sharp corners or rounded corners.
Elongated bond pads 108 on the manufactured dies or wafers
may have rounded corners due to optical effects. The elon-
gated bond pads 108 with rounded corners, however, may still
include a middle section that includes a majority of the
respective bond pads, wherein the middle section has a uni-
form width W1. Ratio L1/W1 may be greater than 2 or greater
than 3, although smaller ratios may also be used. Ratio L1/W1
may also be between about 2 and about 4. In the illustrated
embodiments, the longitudinal directions of elongated bond
pads 108 are parallel to the column direction (the Y direction).
In alternative embodiments, the longitudinal directions of
clongated bond pads 108 may also be parallel to the row
direction (the X direction).

In accordance with some embodiments, the layout of elon-
gated bond pads 108 and connection lines 106 have a stag-
gered design, for example, with elongated bond pads 108A
aligned as a first row extending in the X direction, and elon-
gated bond pads 108B aligned as a second row parallel to the
first row. The connection lines 106A that are connected to

clongated bond pads 108 A are shorter than connection lines
1068 that are connected to elongated bond pads 108B. Fur-
thermore, connection lines 106 A and connection lines 106B
are allocated with an alternating layout. Through this design,
clongated bond pads 108 A may have their pitches equal to 2
P, and elongated bond pads 108B may also have their pitches
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equal to 2 P. Through the staggered layout design, elongated
bond pads 108 are suitable to be used to connect to array 104
that has a smaller pitch, which may be a half of the pitch of
clongated bond pads 108 A (or 108B). Although not shown, 1n
alternative embodiments, all elongated bond pads 108 may
also be aligned as one row, and hence the pitches of elongated
bond pads 108 are also equal to pitch P. The respective design
may be used when pitch P 1s great enough for accommodating

clongated bond pads 108 and 208.
FIG. 2 also illustrates elongated bond pads 208 that are
bonded to elongated bond pads 108. Throughout the descrip-

tion, a bond pad 108 and the bond pad 208 bonded to the bond

pad 108 1n combination are referred to as a bonded parr.
Elongated bond pads 208 are shown using dashed lines since
they are located 1n package component 200, whose top view
1s shown 1n FIG. 3. Referring to FIG. 3, elongated bond pads
208 are located at a surface of package component 200, and
are bonded to elongated bond pads 108, for example, through
metal-to-metal bonding, although other bonding methods
such as solder bonding may be used. In the embodiments
wherein the solder bonding is performed, a solder layer may
be formed on each or one of elongated bond pads 108 and 208
that are in the same bonded pair. Elongated bond pads 208
have length .2 and width W2 smaller than length L.2. In some
embodiments, length L2 1s equal to length L1 of elongated
bond pads 108. In alternative embodiments, length L2 1s
greater than or smaller than length 1. Furthermore, width
W2 1s equal to width W1 of elongated bond pads 108 1n some
embodiments. In alternative embodiments, width W2 1s
greater than or smaller than width W1. In some exemplary
embodiments, package component 200 includes circuit 204,
and connection lines 206 electrically coupling elongated
bond pads 208 to circuit 204. In alternative embodiments,
connection lines 206 route the connection to an opposite
surface of package component 200, which opposite surface 1s
opposite to the surface that package component 100 1s bonded
to. In the respective embodiments, package component 200
may 1nclude an interposer or a package substrate, although
package component may also be a device die/water including
through vias. Elongated bond pads 108 are also illustrated in
FIG. 3, and are shown using dashed lines since they are
located 1n package component 100.

In FIGS. 2 and 3, the longitudinal directions of elongated
bond pads 108 are un-parallel to the longitudinal directions of
clongated bond pads 208. In some embodiments, the longi-
tudinal directions of elongated bond pads 108 are perpendicu-
lar to the longitudinal directions of elongated bond pads 208.
Hence, when bonded, the contact area between bond pads 108
and 208 1n the same bonded pair 1s equal to W1xW2. In the
bonding process, misalignment between package compo-
nents 100 and 200 may occur, and the centers of elongated
bond pads 108 may be misaligned with the centers of the
corresponding elongated bond pads 208. Advantageously,
with the elongated design, even if the misalign occurs, the
contact areca may still remain to be W1xW2. The contact
resistance thus remains constant regardless of whether the
misalignment occurs or not, and regardless of the magnitude
of the misalignment. To ensure that the contact area remains
to be W1xW2, the lengths L1 and L2 are selected so that the
extended length LE on each side of the intended contact area
(the center regions of 108 and 208) 1s greater than or equal to
the maximum alignment of the alignment tool and the align-
ment process. Alternatively stated, with the extend LE added
to each side of the intended contact area, even 11 the misalign-
ment 1s maximized 1n a successiul alignment operation, the
contact area will still be W1xW2.
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In the embodiments wherein each of package components
100 and 200 i1ncludes a plurality of dies, after the bonding
process, the bonded structure may be sawed 1nto a plurality of
packages, with each of the packages including one of dies 102
(FIG. 2) and 202 (FIG. 3).

FIGS. 4 through 9 illustrate package components 100 and
200 1n accordance with alternative embodiments. Unless
specified otherwise, the layout and the shape of the compo-
nents 1n these embodiments are essentially the same as the
like components, which are denoted by like reference numer-
als 1n the embodiments shown 1n FIGS. 2 and 3. The details
regarding the components shown 1n FIGS. 4 through 9 may

thus be found in the discussion of the embodiment shown in
FIGS. 2 through 3.

FI1G. 4 illustrates a top view of package component 100 1n
accordance with alternative embodiments. These embodi-
ments are similar to the embodiments 1n FIG. 2, except that
clongated bond pads 108 are distributed on the opposite sides
of array 104. Accordingly, the pitch between neighboring
clongated bond pads 108 1s also equal to 2 P. One advanta-
geous feature of this layout 1s that all connection lines 106
may have the same length, and hence the same resistance.
Elongated bond pads 208 are shown in FIG. 4 using dashed
lines since they are located 1n package component 100.

FIG. § illustrates a top view of package component 200 1n
accordance with some exemplary embodiments, wherein
package component 200 1s bonded to package component
100 1n FIG. 4. Elongated bond pads 208 are bonded to bond
pads 108 with a one-to-one correspondence. Again, the lon-
gitudinal directions of bond pads 108 may be un-parallel to,
and may be perpendicular to, the longitudinal directions of
the corresponding bond pads 208. Elongated bond pads 108
are shown 1n FIG. 5 using dashed lines since they are located
in package component 200.

FI1G. 6 illustrates a top view of package component 100 in
accordance with yet alternative embodiments. These embodi-
ments are similar to the embodiments in FIGS. 2 and 3, except
that elongated bond pads 108 are distributed on the opposite
sides of array 104. Furthermore, on each side of array 104,
clongated bond pads 108 have a staggered layout. On each
side of array 104, connection lines 106 A and 106B may thus
have different lengths, and bond pads 108 A and bond pads
108B may be aligned as different rows that are parallel to each
other. The pitch between neighboring elongated bond pads
108 1n accordance with these embodiments 1s increased to 4 P.

FI1G. 7 illustrates a top view of package component 200 in
accordance with some exemplary embodiments, wherein
package component 200 1s bonded to package component
100 in FIG. 6. Bond pads 208 are bonded to bond pads 108
with a one-to-one correspondence. Again, the longitudinal
directions of bond pads 108 may be un-parallel to, and may be
perpendicular to, the longitudinal directions of the corre-
sponding bond pads 208. Elongated bond pads 108A and
108B are shown in FIG. 7 using dashed lines since they are
located 1n package component 200.

FIG. 8 1llustrates that elongated bond pads 108 1n a same
chip (and/or a same waler) may have a plurality of longitu-
dinal directions that 1s not parallel to each other. In accor-
dance with some embodiments, as shown 1n FIG. 8, some of
clongated bond pads 108 have longitudinal directions 1n the X
direction, and some other elongated bond pads 108 have
longitudinal directions in the Y direction. The longitudinal
directions of elongated bond pads 208 are designed to be
un-parallel to the longitudinal directions of the respective
connecting elongated bond pads 108. Being able to allocate
the longitudinal directions of elongated bond pads 108 in
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different directions provides a flexible design for allocating
the bond pads, so that the usage of chip area may be maxi-
mized.

FIG. 9 1llustrates that elongated bond pads 108 and 208 1n
the same bonded pair have longitudinal directions un-perpen-
dicular to each other, and un-parallel to each other. Angle o
between the longitudinal directions of elongated bond pads
108 and 208 may be between about 30 degrees and 90
degrees. Again, 1n these embodiments, elongated bond pads
108 1n the same die or waler may have a plurality of longitu-
dinal directions that are not parallel to each other, and elon-
gated bond pads 208 1n the same die or waler may have a
plurality of longitudinal directions that are not parallel to each
other.

FIG. 10 illustrates a cross-sectional view of a bonded pair
including one bond pad 108 and one bond pad 208, which are
bonded to each other. The cross-sectional view may be
obtained from any of FIGS. 1 through 9. In some embodi-
ments, dielectric diffusion barriers 110 and 210 are formed on
the top surfaces of package components 100 and 200, respec-
tivelyj and are used to prevent the materials (such as copper)
in elongated bond pads 108 and 208 to diffuse to the other
package component. Diffusion barriers 110 and 210 may
include nitrides, oxynitrides, or the like. In some embodi-
ments, diffusion barriers 110 and 210 may also be bonded to
cach other, for example, through fusion bonding. The surface
of bond pad 208 facing package component 100 includes a
first portion(s) in contact with a surface of dielectric barrier
110, and a second portion 1n contact with and bond to a
surface of bond pad 108. Similarly, a surface of bond pad 108
facing package component 200 includes a first portion(s) 1n
contact with a surface of dielectric barrier 210, and a second
portion 1n contact with and bond to a surface of bond pad 208.

In the embodiments of the present disclosure, the widths of
bond pads are reduced, resulting in the reduction of the areas
of the bond pads. Accordingly, the dishing effect in the pla-
narization of the bond pads 1s alleviated, and the bond quality
may be improved. Furthermore, with the elongated design of
the bond pads and the un-parallel allocation of the bond pads
in the same bond pairs, the contact area of the bonds may
remain unchanged even 1f misalignment occurs.

In accordance with some embodiments, a package includes
a package component and a second package component. A
first elongated bond pad 1s at a surface of the first package
component, wherein the first elongated bond pad has a first
length 1 a first longitudinal direction, and a first width
smaller than the first length. A second elongated bond pad 1s
at a surface of the second package component. The second
clongated bond pad 1s bonded to the first elongated bond pad.
The second elongated bond pad has a second length in a
second longitudinal direction, and a second width smaller
than the second width. The second longitudinal direction 1s
un-parallel to the first longitudinal direction. A ratio of the
first length to the first width may be greater than about 2.

In accordance with other embodiments, a package includes
a die, which includes an array of cells, and a first plurality of
clongated bond pads at a surface of the die. Each of the first
plurality of elongated bond pads 1s electrically coupled to one
column ofthe cells in the array. The first plurality of elongated
bond pads has first longitudinal directions parallel to each
other. The package further includes a package component,
which includes a second plurality of elongated bond pads at a
surface of the package component. Each of the second elon-
gated bond pads 1s bonded to one of the first plurality of
clongated bond pads. The second plurality of elongated bond
pads has second longitudinal directions parallel to each other,
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wherein the second longitudinal directions 1s un-parallel to
the first longitudinal directions.

In accordance with yet other embodiments, a package
includes a first die and a first bond pad at a surface of the first
die, wherein the first bond pad has a substantially rectangular
top-view shape. The rectangular top-view shape has a first
length extending in a first direction, and a first width smaller
than the first length. The package further includes a second
die bonded to the first die, and a second bond pad at a surface
of the second die and bonded to the first bond pad. The second
bond pad has a second length extending in a second direction
perpendicular to the first direction, and a second width
smaller than the second length. A ratio of the first length to the
first width may be greater than about 2.

Although the embodiments and their advantages have been
described 1n detail, 1t should be understood that various
changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the embodi-
ments as defined by the appended claims. Moreover, the
scope of the present application 1s not intended to be limited
to the particular embodiments of the process, machine, manu-
facture, and composition of matter, means, methods and steps
described in the specification. As one of ordinary skill 1n the
art will readily appreciate from the disclosure, processes,
machines, manufacture, compositions of matter, means,
methods, or steps, presently existing or later to be developed,
that perform substantially the same function or achieve sub-
stantially the same result as the corresponding embodiments
described herein may be utilized according to the disclosure.
Accordingly, the appended claims are intended to include
within their scope such processes, machines, manufacture,
compositions of matter, means, methods, or steps. In addi-
tion, each claim constitutes a separate embodiment, and the
combination of various claims and embodiments are within
the scope of the disclosure.

What is claimed 1s:

1. A package comprising:

a first package component comprising:

a first bond pad at a surface of the first package compo-
nent, wherein the first bond pad has a first length and
a first width smaller than the first length, and the first
width 1s measured 1in a width direction, wherein the
first bond pad comprises a first middle portion, and
two end portions on opposite sides of the first middle
portion, with interfaces between the first middle por-
tion and the two end portions being along the width
direction; and

a second package component comprising:

a second bond pad at a surface of the second package
component, wherein the second bond pad 1s bonded to
the first middle portion of the first bond pad, with the
first middle portion physically contacting the second
bond pad, and the two end portions of the first bond
pads are not directly bonded to the second bond pad,
wherein the first and the second bond pads have a
contact area comprising:

a first and a second side aligned to a first and a second long

edge, respectively, of the first bond pad; and

a third and a fourth side aligned to a first and a second long

edge, respectively, of the second bond pad, wherein each

of the first and second bond pads has an extended portion
on at least one side of the contact area.

2. The package of claim 1, wherein the second package
component further comprises a dielectric layer, and wherein
the two end portions of the first bond pad are both in contact
with the dielectric layer.
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3. The package of claim 1, wherein the second bond pad
further comprises:

a second middle portion bonded to the first middle portion;

and

two additional end portions on opposite sides of the second

middle portion, wherein the two additional end portions
of the second bond pad are not directly bonded to the first
bond pad.

4. The package of claim 3, wherein the first package com-
ponent further comprises an additional dielectric layer, and
the two additional end portions of the second bond pad are
both 1n contact with the additional dielectric layer.

5. The package of claim 1, wherein the second bond pad 1s
clongated with a second length and a second width smaller
than the second length.

6. The package of claim 5, wherein the first length of the
first bond pad 1s 1n a first lengthwise direction, and the second
length of the second bond pad i1s 1n a second lengthwise
direction un-parallel to the first lengthwise direction.

7. A package comprising;

a first package component comprising:

a first dielectric layer; and

a first bond pad 1n the first dielectric layer, wherein the
first bond pad comprises a first middle portion, and
two first end portions on opposite sides of the first
middle portion; and

a second package component comprising:

a second dielectric layer; and
a second bond pad 1n the second dielectric layer, wherein
the second bond pad comprises a second middle por-
tion, and two second end portions on opposite sides of
the second middle portion, and wherein the first
middle portion 1s bonded to the second middle por-
tion, the two first end portions are 1n contact with the
second dielectric layer, and the two second end por-
tions are in contact with the first dielectric layer,
wherein the first and the second bond pads have a
contact area comprising;:
a first and a second side aligned to a first and a second
long edge, respectively, of the first bond pad; and
a third and a fourth side aligned to a first and a second
long edge, respectively, of the second bond pad,
wherein each of the first and second bond pads has
an extended portion on at least one side of the
contact area.

8. The package of claim 7, wherein the first dielectric layer
1s bonded to the second dielectric layer through fusion bond-
ing.

9. The package of claim 7, wherein the first bond pad and
the second bond pad form a bonded pair, and the package
turther comprises a first and a second plurality of bonded
pairs having structures 1dentical to a structure of the bonded
pair, and wherein the first and the second plurality of bonded
pairs form a staggered layout.

10. The package of claim 9, wherein the first package
component comprises an image sensor array, and wherein the
first plurality of bonded pairs 1s connected to a first plurality
of columns of the image sensor array, and the second plurality
of bonded pairs 1s connected to a second plurality of columns
of the image sensor array, and the first and the second plurality
of columns of the image sensor array are allocated 1n an
alternating layout.

11. The package of claim 7, wherein the first bond pad 1s
clongated with a first length and a first width smaller than the
first length, and the second bond pad 1s elongated with a
second length and a second width smaller than the second

length.
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12. The package of claim 11, wherein the first length 1s 1n
a first lengthwise direction, the second length 1s 1n a second
lengthwise direction, with both the first lengthwise direction
and the second lengthwise direction parallel to an interface
between the first package component and the second package
component, and wherein the first lengthwise direction 1s un-
parallel to the second lengthwise direction.

13. The package of claim 12, wherein the first lengthwise

direction 1s perpendicular to the second lengthwise direction.

14. The package of claim 12, wherein the first lengthwise
direction 1s neither parallel nor perpendicular to the second
lengthwise direction.

15. A package comprising:

a first device die comprising:

an 1image sensor array comprising a plurality of columns
of 1mage sensors;

a plurality of connection lines, each connected to one of
the plurality of columns; and

a first plurality of bond pads, each connected to one of
the plurality of connection lines, wherein the first
plurality of bond pads has first lengthwise directions
parallel to a first direction, wherein the first plurality
of bond pads comprises a first bond pad; and

a second device die bonded to the first device die, with an
interface formed between the first device die and the
second device die, wherein the second device die com-

Prises:

a second plurality of bond pads having second length-
wise directions, wherein both the first lengthwise
directions and the second lengthwise directions are
parallel to the interface, and the first lengthwise direc-
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tions are un-parallel to the second lengthwise direc-
tions, wherein the first plurality of bond pad 1s bonded
to the second plurality of bond pads to form a plurality
of bonded pairs, with each of the plurality of bonded
pairs comprising a first bond pad bonded to a second
bond pad to have a contact area comprising
a first and a second side aligned to a first and a second
long edge, respectively, of the first bond pad; and
a third and a fourth side aligned to a first and a second
long edge, respectively, of the second bond pad,
wherein each of the first and second bond pads has
an extended portion on at least one side of the
contact area.

16. The package of claim 15, wherein each of the first
plurality of bond pads comprises:

a middle portion bonded to a respective one of the second
plurality of bond pads, and two end portions on opposite
sides of the middle portion, wherein the two end portions
are not bonded to the respective one of the second plu-
rality of bond pads.

17. The package of claim 16, wherein the first device die
turther comprises a dielectric layer, and the two end portions
are 1n contact with the dielectric layer.

18. The package of claim 15, wherein the first plurality of
bond pads 1s allocated into two staggered rows.

19. The package of claim 15, wherein the first lengthwise
directions are parallel to the plurality of connection lines.

20. The package of claim 6, wherein the first lengthwise
direction and the second lengthwise direction are perpendicus-
lar to each other.
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